Introduction
Spinal block is still the first choice for lower limb surgeries because of its rapid onset, superior blockade, less failure rates and cost-effectiveness. [1] Various drugs are used along with local anaesthetics to facilitate the prolongation of duration of spinal block both for long procedures and for postoperative pain relief. [2] Intrathecal fentanyl exerts its effects by combining with opioid receptors in the dorsal horn of spinal cord and may have a supraspinal spread and action. Intrathecal fentanyl when added to spinal local anaesthetics reduces visceral and somatic pain. As fentanyl is lipophilic, the risk of respiratory depression is predominantly limited to the first 2 h after intrathecal injection; whereas intrathecal morphine has the risk of delayed respiratory depression due to rostral spread. [3, 4] Intrathecal α2 receptor agonists have antinociceptive action for both somatic and visceral pain. Dexmedetomidine shows more specificity towards α2 receptor (α2 /α1 1600:1) compared with clonidine (α2 /α1 200:1) [5] . Several studies have shown that α2 receptor agonists when administered intrathecally will enhance the analgesia provided by subtherapeutic doses of local anaesthetics like bupivacaine due to synergistic effects & also minimal haemodynamic alteration. [6] [7] [8] Most of the clinical studies about the intrathecal α2 adrenergic agonist are related to clonidine. [8] Based on earlier human studies, it is hypothesized that intrathecal 5 μg dexmedetomidine would produce more postoperative analgesic effect with hyperbaric bupivacaine in spinal anaesthesia with minimal side effects. [9] [10] [11] [12] In view of few evidences of dexmedetomidine's efficacy as an adjuvant to hyperbaric bupivacaine in spinal anaesthesia, we carried out the study to explore its usefulness and also compare this new α2 adrenergic agonist with the previously established and widely used adjunct fentanyl on the spinal block characteristics in patients scheduled for lower limb surgery.
Methodology
This prospective double blinded randomised controlled study was conducted after having institutional ethical committee approval among 150 adult patients aged between 18-60 years of ASA Grade I & II undergoing elective lower limb surgery under spinal anaesthesia in Green OT Complex & Ortho OT complex, Dept. of Anaesthesiology; Medical College & Hospital, Kolkata, West Bengal, during the period of January 2016 to June 2016. Sample size was calculated based on previous study, [13] Spinal anaesthesia, bupivacaine, adjuvant, dexmedetomidine, fentanyl still the first choice for lower limb surgeries its rapid onset, superior blockade, less failure rates and cost-effectiveness. [1] Various drugs are used along to facilitate the prolongation of spinal block both for long procedures and for [2] alteration. [6] [7] [8] Licensed Under Creative Commons Attribution CC BY deviation of time to first analgesic request (TFAR). To detect a mean difference of 2 h between the groups in terms of TFAR with α = 5% and 1− β = 90%, 74 patients per study group were needed. Hence, 75 patients were included in each group. So, total 150 patients comprised the study population.
The study population was randomly divided into 2 groups with 75 patients in each groupGroup D-patients were received 0.5% hyperbaric bupivacaine 12.5mg (2.5ml) + diluted 5µg dexmedetomidine in 0.5ml preservative free normal saline.
Group F-patients were received 0.5% hyperbaric bupivacaine 12.5mg (2.5ml) + fentanyl 25µg (0.5ml).
All patients were examined a day prior to surgery, and were familiarized with 'Numerical rating scale' (NRS) [14] and its use for measuring the postoperative pain. Informed written consents were taken. They were advised for fasting for 6 hours for solid food and 2 hours for plain fluid. They were given tablet alprazolam 0.5 mg as premedication a night before the day of the surgery. They were received tablet ranitidine 150 mg one at previous night and another in the morning of the day of the surgery. In the operation theatre electrocardiogram (ECG), pulse oximetry, and noninvasive blood pressure were attached and baseline parameters were recorded. Intravenous line was secured with 18G cannula & preloading with 10ml/kg of lactated Ringer's was done to each patient. Under complete aseptic precautions lumbar puncture was performed at L3-L4 interspace using a 25G Quincke spinal needle with patient in sitting position. The study drug was injected into the subarachnoid space at a rate of 0.2ml/second after noting the clear free flow of CSF [15] with the operating table kept flat. Patients were turned supine immediately and were given supplemental oxygen 2L/min by nasal prong. Continuous monitoring of heart rate (HR), electrocardiogram (ECG), arterial oxygen saturation (SaO2), and respiratory rate (RR) was done. Mean blood pressure (MBP) was recorded by non invasive blood pressure (NIBP) monitor every 3min up to 15min then every 5 min up to 90min irrespective of the duration of the surgery. Hypotension was treated by injection mephentermine 3mg intravenous bolus and repeated as per requirement along with infusion of crystalloids. Heart rate (HR) less than 50 beats/min was corrected by using 0.6 mg of intravenous atropine sulphate. [13] The time to sensory block onset, highest level of sensory block, time to reach the highest dermatomal level were recorded. Two segment sensory regression time & sensory regression time to S1 were also recorded. Motor block onset and duration of motor block was also recorded. The motor level was assessed according to modified Bromage score. Time for motor block onset was defined as modified Bromage score of 3. Complete motor block recovery was assumed when modified Bromage score would be 0. Surgery was allowed to commence on achieving adequate sensory block height (T10). Pain scores using numerical rating scale (NRS) was recorded 5 min before intrathecal injection, after the start of surgery, and subsequently every 10 min till the surgery is over; and thereafter pain was assessed in the postoperative period. Patients having NRS score more than or equal to 3 was administered intramuscular diclofenac 75mg as rescue analgesic along with Inj. Ranitidine 150mg i.v. The amount required by the patients in the next 24 hours was recorded. The incidence of pruritus, nausea, vomiting, and sedation were recorded. Other side effects and complications were also noted.
Data obtained was tabulated and analyzed using SPSS (version-20). Data was expressed as means and standard deviation (SD) or numbers and percentages. For categorical covariates like sex, ASA class, nausea/vomiting incidence, use of additive analgesia, hypotension, bradycardia etc., Chi square test was used, with P value reported at the 95% confidence interval (CI). Quantitative data was analyzed by student 't' test.
Hypotension was defined as SBP < 90mm Hg or >30% fall from baseline. [11] The onset of sensory block was defined as the time interval between injection of intrathecal anaesthetic and the absence of pain at the T10 dermatome; that was assessed by sterile pinprick every 2 min till T10 dermatome was achieved.
Ramsay sedation scale- [16] use for measuring the postoperative pain. Informed written consents were taken. They were advised for fasting for 6 hours for solid food and 2 hours for plain fluid. They were given tablet alprazolam 0.5 mg as premedication a night the surgery. They were received tablet at previous night and another at previous night and another at in the in the in the surgery. In the operation theatre
In the operation theatre In electrocardiogram (ECG), pulse oximetry, and noninvasive blood pressure were attached and baseline parameters were recorded. Intravenous line was secured with 18G cannula & preloading with 10ml/kg of lactated of lactated of Ringer's was done to patient. Under complete aseptic precautions lumbar puncture was performed at L at L at 3-L4 interspace using a 25G Quincke spinal needle with patient in sitting position. The in sitting position. The in into the subarachnoid space at a rate at a rate at 0.2ml/second after noting the clear free flow of CSF of CSF of [15] with the operating table kept flat. Patients were turned supine immediately and were given supplemental oxygen nasal prong. Continuous monitoring of heart rate of heart rate of (HR), electrocardiogram (ECG), arterial oxygen saturation and respiratory rate (RR) was done. Mean blood pressure (MBP) was recorded by non invasive blood by non invasive blood by pressure (NIBP) monitor every 3min up to 15min then every 90min irrespective of the duration of the duration of of the of the of was treated by injection by injection by phentermine 3mg intravenous bolus and repeated as per the time interval between injection and the absence of pain of pain of at the T10 dermatome; that was at the T10 dermatome; that was at assessed by sterile pinprick every 2 min by sterile pinprick every 2 min by was achieved.
Ramsay sedation scale- [16] The MAP was observed over time in both the groups. No significant differences were noted between the two groups. It was observed that there was an initial fall in MAP followed by a plateau then a gradual rise in MAP towards baseline in both the groups. The trend of heart rate (HR) was observed over time in both groups, though the HR in Group D was lower than Group F, but there were no significant differences between the two groups. It was observed that there was an initial rise of heart rate followed by gradual come down to base line in both groups. [ Figure 2 & 3] The onset time for sensory block to T10 level in Group D was 9.75±2.6min, whereas it was 10.04±2.14 min in Group F. 
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Licensed Under Creative Commons Attribution CC BY addition of intrathecal dexmedetomidine with hyperbaric bupivacaine prolonged the time when the patients first felt pain significantly compared to intrathecal fentanyl. [ Table 2 ] 
Discussion
This study was conducted to compare the efficacy, analgesic effects, and side effects of dexmedetomidine and fentanyl as adjuvant to hyperbaric bupivacaine for orthopaedic lower limb surgery. Sedation score was also assessed in both groups which have been reported in literature previously by only few studies. [17] Time of onset of sensory block to T10 level was comparably similar in two groups. These finding was similar with Mahendru V et al [18] , who observed no difference in the onset time in patients receiving dexmedetomidine (10.3 ± 3.3 min) and fentanyl (9.6 ± 2.9) as adjuvant to hyperbaric bupivacaine and fentanyl (7.4 ± 3.3 min) as adjuvants to isobaric bupivacaine (P = 0.95). Similarly, no significant differences in sensory onset time among study groups were also by observed by Gupta R et al, [12] Kishore et al [19] and Safari et al. [20] The onset times observed in the study conducted by AI Ghanem et al [10] were relatively shorter by dexmedetomidine than those observed by us which can be attributed by difference in patient positioning (lithotomy vs supine in our study).
Highest sensory block level and the mean time to reach the highest sensory level were compared. No significant differences were noted between the two groups. Similar results were also noted by Kishore et al, [19] Mehendru V et al, [18] Gupta R et al. [21] Motor block onset time to modified Bromage 3 was also observed but no statistically significant differences were found. Similar findings were noted by Gupta et al, Mehendru V et al. [18] and Kishore et al. [19] Heart rate (HR), mean arterial blood pressure (MAP) at baseline, just after dural puncture, at 3 min intervals till first 15min, then at 5min intervals till 90 min were compared. Though there was theoretical possibility of lowering of HR [22] , difference of HR was not statistically significant at all the above intervals. Similar results were also observed by Khan et al, [1] Suresh et al, [23] and Mahendru V et al [18] . Statistically significant lowering of HR was observed by Kishore et al [19] in dexmedetomidine group compared to fentanyl group which may be attributed by their greater volume of intrathecal drugs (total 3.5 ml compared to 3 ml in our study). Similarly for MAP, no statistical significant difference was observed in our study between these two groups in above mentioned intervals. Similar observation was also noted by Mahendru V et al, [18] Kishore et al, [19] and Gupta R et al. [21] Two segment sensory regression from highest sensory block level, sensory block regression to S1 level and motor block regression to modified Bromage 0 was compared between this two groups. The differences for all this three parameters were very much statistically significant (P<0.0001). These findings clearly states that dexmedetomidine as an adjuvant provided prolonged sensory and motor duration compared to fentanyl as an adjuvant to hyperbaric bupivacaine. Similar findings was also observed by Khan et al [1] , Gupta R et al [20] The onset times observed conducted by AI Ghanem et al [10 dexmedetomidine than those observed attributed by difference in patient supine in our study).
Highest sensory block level and the mean time highest sensory level were compared. differences were noted between the two groups. Similar results were also noted by Kishore by Kishore by al, [18] Gupta R et al. [21] Motor block Bromage 3 was also observed but differences were found. Similar Gupta et al, Mehendru V et al. [18] Heart rate (HR), mean arterial blood pressure (MAP) baseline, just after dural puncture, 15min, then at 5min intervals at 5min intervals at till Though there was theoretical possibility [22] , difference of HR was not statistically the above intervals. Similar results Khan et al, [1] Suresh et al, [23] and Statistically significant lowering Licensed Under Creative Commons Attribution CC BY [14] , Mehendru V et al [18] , Kishore et al [19] , ] , Safari et al [20] , Suresh et al. [23] , Sunil BV et al [24] , Nayagam HA et al [25] and Routrey et al. [26] The mechanism by which intrathecal α adrenoreceptor agonists prolong the motor and sensory block of local anaesthetics is at the best, speculative. It may be an additive or synergistic effect secondary to the different mechanisms of action of the local anaesthetics and intrathecal α adrenoreceptor agonists. Local anaesthetics act by blocking sodium channel and α adrenoreceptor agonists act by binding to the presynaptic C fibers and postsynaptic dorsal horn neurons. They produce analgesia by depressing release of C fiber transmitters and by hyperpolarization of post synaptic dorsal horn neurons. [27, 28] The complementary action of local anesthetics and α adrenoreceptor agonists accounts for their profound analgesic properties. The prolongation of the motor block of spinal anaesthetics may be the result of binding of α adrenoreceptor agonists to the motor neurons in the dorsal horn. Dexmedetomidine is eight times more specific and highly selective α adrenoreceptor agonists compared to clonidine, thereby making it a useful and safe adjunct in diverse clinical applications. [29] We observed significantly delayed requirement of rescue analgesic with 5μg dexmedetomidine when compared with 25μg fentanyl, which supports the better analgesic efficacy of dexmedetomidine as an intrathecal adjunct. Similarly, significantly improved analgesic efficacy was seen by Kishore et al, [19] Safari et al, [20] Gupta et al, [21] Sunil BV et al [24] and AI Mustafa et al. [30] Dose dependent prolongation of motor and sensory blockade with reduced analgesic requirement with increasing dosages of intrathecal dexmedetomidine was observed by Dhimar AA et al. [31] The most significant side effects reported about the use of intrathecal α adrenoreceptor agonists are bradycardia and hypotension. [22] In the present study, these side effects were not significant probably because we used small dose of intrathecal dexmedetomidine with hyperbaric bupivacaine. Small dosages of adjuvants may also be responsible for minimal or no sedation observed in any of the groups in the study. The 15μg intrathecal dose of dexmedetomidine used by Hala EA et al, [32] showed significantly higher sedation scores which can be beneficial for patients undergoing lengthy complex surgeries as an alternative to epidural or prolonged general anaesthetics and can preclude the use of IV sedatives. However, such high sedation scores may be harmful in elderly and high risk surgical patients owing to the risk associated with excessive sedation and respiratory depression. Pruritus after intrathecal fentanyl is known and was observed in a few patients but was not significant. Other side effects were comparable between these two groups. Comparable side effects were also observed by Khan et al, [1] Safari et al, [20] Gupta r et al, [21] and Suresh et al. [23] 
Conclusion & Future Scope
To conclude, our study report shows that the use of intrathecal dexmedetomidine at 5μg dose as an adjuvant to bupivacaine seems it to be an attractive alternative to fentanyl for surgical procedures. It provides good quality of intraoperative analgesia, haemodynamically stable conditions, minimal side effects, and excellent quality of postoperative analgesia without significant sedation. However, prolonged duration of motor blockade with dexmedetomidine may be undesirable for short term surgical procedures or ambulatory surgeries. Further research works are required to see the effect of dexmedetomidine in older patients with cardiovascular co morbidities.
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